Papillomaviruses, group-specific papillomavirus antigens, or extrachromosomal papillomavirus DNA were detected in cutaneous, mucocutaneous, and pulmonary tumors affecting a colony of European harvest mice (Micromys minutus). Skin lesions were classified as acanthomatous hyperplasia, epidermal inclusion cysts, squamous papillomas, inverted papillomas, trichoepitheliomas, and sebaceous carcinomas. Cutaneous horns (hyperkeratotic papillomas) were on mucocutaneous junctions of one animal. One mouse, with a cutaneous sebaceous carcinoma, had multiple pulmonary keratinaceous cysts. Papillomavirus antigens, detected by the avidin-biotin technique, were in 20 of 3 1 lesions tested. In contrast, by Southern blot hybridization all 28 lesions tested contained papillomavirus DNA. Papillomavirus DNA was demonstrated in two of ten benign cutaneous lesions by in situ hybridization.
Papillomatosis is a viral-induced disease which affects cutaneous surfaces or mucous membranes ofmany species but is a rare disease in laboratow animals, partitularly rOdentS.22,23 ln mice, squamous cell papillamas have been classified into two types: pedunculated, mors in mice have been associated with the use of wooden cages and disinfectants containing carcinogenic Induced Papillomas, which Progress to carcinomas, have been seen in mice and rats treated with topical carcinogens and have been the basis for the initiator-promoter theory of chemical carcinogenesis. 2.8.16 Spontaneous tumors of the skin, not associated with carcinogens applied or in disinfectants, are not in mice. ~~l~i~l~ cutaneous papil~omas and squamous cell carcinomas have been described in mals remain in the exhibit under observation, in addition to a small colony maintained in one of our laboratories.
At necropsy, individual lesions and visceral organs were removed using different sets of instruments to avoid contamination. Each tissue was bisected; half was frozen on dry ice for molecular studies, and the remainder was fixed for hising. ~i~~~~~ for light m~croscopy were fixed in 1 0~~ neutralbuffered formalin, embedded in paraffin, and 6-pm sections were stained with hematoxylin and eosin (HE). Tissues for electron microscopy were fixed in phosphate-buffered 2% glutaraldehyde, post-fixed in 1 Yo osmium tetroxide, dehydrated in graded ethanols, and embedded in an epon-araldite mixture. Thick sections (1-pm), for li&t microscopy, were stained with toluidine blue. Thin sections, for electron microscopy, were stained with uranyl acetate and Reynold's lead citrate. and flat Or papi110mas*3 Spontaneous skin tutologic characterization and immunohistochemica~ screenthe repeated epilation heterozygote (Er/-t) mutant. However, a papillomavims etiology could not be From each histologically evaluated lesion, sequential, 6-Mm paraffin sections were stained by the avidin-biotin complex established by immunohistochemistry with POuP-sPecific antisera or Southern blot hybridization with a radiolabeled bovine papillomavirus type-1 DNA."
We describe here a variety of morphologically benign and malignant tumors which were associated with a papillomavirus in a colony OfEuropean harvest mice (Micromys minutus).
Materials and Methods
A 19-month-old male European harvest mouse, one of several rodents in the small mammal house at a regional zoo, was necropsied, and fixed tissues were submitted for histological evaluation and immunohistochemical testing. Nine additional animals, of both sexes and 18 months or greater in age, were later provided alive. Clinically unaffected ani-technique (ABC) (Vector Laboratories, Burlingame, CA) using papillomavirus group-specific antiserum prepared by disruption of bovine papillomavirus type 1 (DAKO Corp., Santa Barbara, CA). This polyclonal antibody has been demonstrated to cross-react with many animal papillomaviruses.z3 Light green was used as a counterstain. Canine cutaneous papillomas were used as positive controls, and unaffected harvest mouse skin was used as a negative control. Normal rabbit serum was used as a negative control for the rabbit group-specific antiserum.
Total DNA was extracted from all lesions as well as unaffected skin, liver, lung, kidney, heart, adrenal, brain, and testicles as d e s~r i b e d .~~,~~ DNA preparations were electrophoresed in horizontal agarose (1 Yo) slab gels and transferred to nylon filters (Genescreen, NEN, Boston, MA) by the man-356 ufacturer's modification of the method of Southern.Z' Membranes were probed under conditions of high stringency (1 M NaCl, 50% formamide, 42 C) as previously described'* using a 32P-labeled cloned harvest mouse papillomavirus probe13 made by nick trans1ation.l' The filters were extensively washed in 2 x SSC (1 x SSC is 0.15 M NaC1, 0.01 5 M sodium citrate) and 0.1 Yo sodium dodecyl sulfate at 70 C and autoradiographed with intensifying screens.
For in situ hybridization, sequential paraffin sections on glass slides were deparaffinized in xylene and graded ethanols, washed in 0.1 M phosphate-buffered saline (PBS; pH 7.6) with 5 mM MgCl,, incubated in 0.2 M Tris HC1, pH 7.4 with 0.1 M glycine for 10 minutes, then treated with a prehybridization mixture of 50% formamide in 0.3 M NaCl and 0.03 M sodium citrate for 10 minutes at 65 C. Sections were then incubated at 37 C for 4 hr in a hybridization mixture consisting of 0.3 M NaC1, 0.03 M Na citrate, 20 mM vanadyl-ribonucleoside complex, 200 mM dithiothreitol, 40 mM dextran sulfate, 1.4 mM bovine serum albumin, and a radiolabeled cloned harvest mouse papillomavirus DNA probe. The probe, prepared by nick translation in the presence of 66.8 pmoles of [ c u~~S ] dATP (Amersham, Arlington Heights, IL) (specific activity = 600 Ci/mmol)zo had a specific activity of greater than 1 x lo8 cpm/kg. Following hybridization, the sections were rinsed for 2 hr in 1 x SSC, dehydrated in graded ethanols, and coated with NTB-2 nuclear track emulsion (Kodak, Rochester, NY). After 7 days, the emulsion was developed, and the slides were counterstained with toluidine blue, then coverslipped with glycergen (DAKO Corp., Santa Barbara, CA).'
Results
Adult mice of both sexes, 18 months of age and older, had firm, raised, pink to black masses at the oral ( Fig. 1 ) and rectal mucocutaneous junctions as well as the haired skin of the head, back, forelimbs, rearlimbs, and tail (Table 1 ). Multiple gray pulmonary and pleural masses, 2-3 mm in diameter, were present in one animal. Each of the large horn-like structures (cutaneous horns) (1.5 x 0.5 cm) had a thin, broad, dark base covered by a large white area when cut lengthwise. Other lesions were small, varied in color (pink, dark brown, or black), and ranged from 1-5 mm in diameter.
Microscopically, cutaneous lesions had seven morphologic patterns; lesions often contained characteristics of more than one type when viewed at low power. Initial lesions were proliferated basal cells, either along the epidermis (acanthomatous hyperplasia) or extending from the stratum basale of hair follicles (trichoepitheliomas).
Well-differentiated trichoepitheliomas consisted of squamous cells which formed numerous small islands in the dermis with one or more centrally located structures resembling abortive hair follicles or keratin cysts (Fig. 2) . These were often contiguous with papillomas.
Squamous papillomas were characterized by proliferating squamous cells on thin fibrovascular stalks which projected in a papillary pattern above the level of the skin (Fig. 3) . These closely resembled the pe- dunculated squamous papillomas reported in inbred mice.3 In other areas, the cells had a similar pattern but invaginated into the dermis, and the papillary projections did not rise about the level ofthe skin (inverted papilloma).
Epidermal inclusion cysts were present in the dermis in close proximity to or as part of the squamous papillomas and trichoepitheliomas (Fig. 3) . These cysts had circular walls of hyperplastic epithelial cells which lined cavities filled with concentric laminations of keratin.
Cutaneous horns (hyperkeratotic papillomas) had narrow stalks of normal dermis covered by haired skin on one side and oral squamous mucosa on the other (Fig. 4) . These joined broad bases of markedly proliferating squamous epithelial cells with a high mitotic index (10 to 12 per high power field) ( Fig. 5 ). These epithelial cells were arranged in a papillary pattern on thin fibrovascular stalks which extended from the dermis. Numerous keratin pearls formed within the papillary epithelial structures.
Sebaceous carcinomas were solitary tumors consisting of locally aggressive cells which resembled basal cells. They had a high mitotic index (10 to 12 per high power field) and individual or small clusters of cells which differentiated into sebaceous cells (Fig. 6) . One animal with a solitary sebaceous carcinoma had multiple pulmonary keratinaceous cysts which were similar to the epidermal inclusion cyst (Fig. 7) .
Papillomavirus group-specific antigens were detected in 20 of 3 1 lesions tested (Table 1, Fig. 8 ). Viruslike particles were seen by electron microscopy in one squamous papilloma (Table 1, Fig. 9 ) but not in two hyperkeratotic papillomas. Harvest mouse papillomavirus DNA sequences were detected in two of ten benign tumors by in situ hybridization ( Table 1 , Fig.  10 ). Viral DNA was detected in all 28 lesions tested by Southern blot hybridization (Table 1 ). Papillomavirus, antigens, or DNA were detected in 32 of 35 lesions tested by one or more methods. Samples obtained from the fixed mouse were not useful for molecular studies.
Discussion
Spontaneous skin tumors are rare in mice. However, nearly 100% of mice treated with appropriate doses of polycyclic aromatic hydrocarbons will develop papillomas and/or squamous cell carcinoma^.^ Spontaneous papillomas have been seen in 12 of 1,000 (1.2%) hairless Mus musculus. In four attempts to transmit the disease, only one was ~uccessfu1.~~ These authors also recorded five cases in 700 albino and colored hairless American deer mice (Peromyscus maniculatus gambeli). Transmission attempts were unrewarding. In another study, eight of 25 untreated albino mice (CAF or C3H) developed multiple papillomas, sebaceous adenomas, and squamous cell carcinomas, which indicated that some commercially bred strains developed a high incidence of tumors without application of car-cinogen~.'~ Two of 16 females developed papillomas and squamous cell carcinomas following mechanical irritation of the skin.I9 In the present study, a series of spontaneous cutaneous and mucocutaneous tumors were examined in European harvest mice. These animals had not been exposed to chemical carcinogens.
Papillomaviruses induce a variety of benign lesions of stratified squamous epithelium in many mammalian species.22 These lesions progress to malignant tumors, notably squamous cell carcinomas in rabbit^,^ dog^,^,^^ Mastomys natalensis, ''J* and probably in humans as we11.6,26 A papillomaviral etiology was established for the benign and malignant tumors seen in European harvest mice utilizing a variety of methods. Virus-like particles were seen by transmission electron microscopy in one of three papillomas examined. Viral antigens were demonstrated in 20 of 31 tested lesions. Viral DNA was detected in epithelial cells of the upper stratum spinosum, stratum granulosum, and stratum corneum by in situ hybridization with a cloned harvest mouse papillomavirus DNA in two of ten cases tested. This latter technique was relatively insensitive when compared to Southern blot hybridization, which revealed viral genomes in all tested lesions. The disease was experimentally transmitted between harvest mice but not to inbred laboratory mice or deer mice. 24 Neoplasms in Micrornys minutus, which appear to be caused by a papillomavirus, resemble benign and malignant epithelial tumors induced by an apparently endogenous papillomavirus in Mastomys natalensis, the multimammate rat.' In this latter animal, extrachromosomal papillomavirus genomes were detected in a variety of normal tissues including the skin, muscle, liver, and colon. The average number of viral genomes per cell increases, and virus-producing tumors begin to appear at about 1 yr of age. Presently, we do not know whether a similar process involving an endogenous virus is taking place in the European harvest mouse. These two viral genomes cross-hybridize with each other under conditions of low (Tm -40 C) and medium (Tm -33 C) stringency, indicating some relatively conserved areas of DNA h~mology.'~ It has been speculated that target cells for papillomaviruses are in the stratum basale of the epidermi~;~ however, this has been difficult to prove. The observation of a papillomavirus associated with various benign and malignant neoplasms of epidermis and adnexal structures supports this hypothesis.
Many animal lesions have been screened in search of potential model systems to study the mechanisms of papillomavirus infections and the relationships with similar human diseases. 22 The small size, relative availability, and ability of the European harvest mouse to be maintained in colonies make this potentially a useful animal model for papillomavirus research. With this in mind, the viral DNA has now been cloned and characterized. l 3
